Background: The aim of this study was to investigate the association of childhood and adulthood social class with the occurrence of specific diseases, including those not associated with a high mortality rate, and to investigate daily stress as the mechanism for that part of any association which cannot be accounted for by established risk factors. Methods: This was a prospective cohort study with 25 years of follow-up for cause-specific morbidity and mortality. A total of 5577 Scottish men were recruited from 27 workplaces in the West of Scotland. Childhood social class was determined from the occupation held by the individual's father, and adulthood social class from the individual's occupation at enrolment. Daily stress was measured at enrolment using the Reeder Stress Inventory. Results: Health differentials were found for cardiovascular diseases, lung cancer, peptic ulcer, asthma, accidents and violence, alcoholrelated diseases, and perhaps psychiatric illness. Adulthood circumstances were associated with the incidence of most diseases in adulthood, the exception being stroke, which was strongly associated with less privileged circumstances in childhood. Both childhood and adulthood circumstances contributed to the incidence of coronary heart disease. Daily stress did not underlie any of these associations once the influence of established risk factors had been taken into account. Conclusions: Socioeconomic circumstances in childhood and adulthood both contribute to health differentials in adulthood, the relative contributions depending upon the particular disease. Where known risk factors explained only part of the excess of a disease among individuals raised or living in less-privileged circumstances, there was no evidence to suggest that daily stress was the reason for the unexplained excess.
I
n nineteenth and twentieth century Britain, evidence accumulated of higher mortality among individuals living in socioeconomically deprived circumstances. 1 -6 Such individuals also experience greater exposure to risk factors for the predominant causes of death [smoking, high alcohol consumption, low physical activity, impaired lung function, high blood cholesterol, high diastolic blood pressure and high body mass index (BMI)]. 2, 4, 7, 8 More recently, evidence has been presented which suggests that socioeconomic deprivation during childhood is associated with higher mortality, 9 -12 morbidity 11, 13, 14 and exposure to some risk factors during adulthood; 7,11 these associations existing independently of the effects of adulthood circumstances.
Known risk factors only partly explain the association between disease in adulthood and circumstances during childhood 10, 11, 13 and adulthood. 15, 16 This has prompted the proposal that higher exposure to psychological factors, such as stress, makes an additional contribution to the association. 17, 18 Higher levels of daily stress have been hypothesized to arise from a higher occurrence of negative life events among those living in relatively deprived circumstances, 17, 18 and from the development of poorer coping mechanisms among those growing up in such circumstances. 19 While stress affects unhealthy behaviour (figure 1, pathway B), 17 such as cigarette smoking (figure 1, pathway C), it is the possible direct impact upon health through a neuroendocrine pathway (figure 1, pathway A) that may allow stress to make an additional contribution to the social circumstances-disease association, beyond that attributable to known risk factors.
This study is of a cohort of working males for whom hospital admissions and deaths have been observed over 25 years. Hospital admissions data provide information on all diseases diagnosed during inpatient stays and allow investigation of diseases that are rarely reported as the principle cause of death. This allows us to build upon work that has used mortality data for the same cohort. 7, 9, 10, 20, 21 As in those studies, this paper aims to quantify the separate effects of childhood and adulthood socioeconomic circumstances on disease in adulthood, and to uncover the mechanisms underlying these associations. Beyond the known risk factors for each disease group, this study investigates the additional role of daily stress.
Methods

Participants
The study cohort has been described previously. 7, 9, 10, 22 Employees were recruited between 1970 and 1973 from 27 work places in the West of Scotland. Some 6022 men (,70% of those invited) completed a questionnaire and attended a health examination. This study is based on 5577 men, aged between 35 and 64 years, for whom complete data are available.
In all, 188 men were excluded due to missing at least one baseline measure, this being father's occupational class in 112 cases, plasma cholesterol in 39 cases and stress in 19 cases. Bias is unlikely to have resulted from the exclusion of these men. They were of the same average age as men with complete data, and were no more likely to hold a manual occupation. Comparing the incidence of the nine disease outcomes gave only weak evidence of a higher incidence of all-cause death (45% versus 40%; P ¼ 0.19) and peptic ulcers (8.0% versus 4.7%; P ¼ 0.040) among the excluded men.
Baseline measures
Sociodemographic data. Father's main occupation and participant's occupation at enrolment were used to determine social class using the Registrar General's classification. 23 Health-related behaviours. Participants are divided into those who never smoked cigarettes, ex-cigarette smokers who stopped .1 year before enrolment and those who were smoking 1-14, 15-24 and 25 or more cigarettes per day. With lung cancer as the disease outcome, the age at which current smokers had started smoking, whether they inhaled and whether they smoked filtered cigarettes are also recorded as additional risk factors. Current alcohol consumption was categorized as none, 1-7, 8 -14, 15-21, 22-34 and $35 units in a week. Physical exercise was categorized into those who exercised outside work for , 5, $ 5 but , 10, and $10 h per week.
Daily stress. The Reeder Stress Inventory was included in the baseline questionnaire as a measure of daily stress. 24 There are four statements: 'In general, I am usually tense or nervous', 'There is a great deal of nervous strain connected with my daily activities', 'At the end of the day I am completely exhausted mentally and physically' and 'My daily activities are extremely trying and stressful'. The respondent indicates whether each statement described them 'exactly', 'to some extent', 'not very accurately' or 'not at all' . Scores range from 1 to 8, with 8 indicating high stress. 24, 25 Despite its age, the factor structure, 26 content validity and test-retest reliability 25 of the Reeder Stress Inventory support its continued use as a measure of daily stress.
Physical examination. Height, BMI, diastolic blood pressure, lung function (forced expiratory volume in 1 s, FEV 1 ) and plasma cholesterol concentration data were obtained by physical examination. FEV 1 was recorded as a percentage of that predicted for a healthy subset of the cohort. 10 Summary data for baseline measures of risk factors have been reported previously. In brief, there were gradients across social classes such that men in manual occupations were on average older, had higher systolic and diastolic blood pressure, lower cholesterol, similar BMI and poorer lung function, and were more likely to be current smokers. 20 Similar gradients were seen with social class based upon the fathers' occupation, other than the absence of a gradient in age and higher BMI among men with fathers in manual work. 10 
Outcome measures
For a 25-year follow-up period, mortality was monitored at the National Health Service central registry. Death certificates coded the primary cause of death according to the ninth revision of the International Classification of Diseases (ICD-9). Hospital admissions for the same period are taken from the Scottish Morbidity Records of acute hospital discharges (SMR1). 27 Up to six diagnoses were recorded for each discharge, these being coded according to the contemporaneous revision of the International Classification of Diseases (ICD-8, ICD-9 or ICD-10). Cancer registrations until the end of 1996 were available from SMR6, cancer site being recorded according to the ICD-9. SMR4 was used to provide information on admission to psychiatric hospital, but with cases of 'nonorganic psychosis and neurosis' also being retrieved from SMR1.
These different sources of information were used to determine the age at which a man was first diagnosed with each diseases of interest (see tables 2, 3 and 4 for ICD codes). These diseases have a purported role for psychological stress in their aetiology, with the consequent possibility that stress may underlie an unexplained excess incidence of the disease among men raised or living in relatively deprived circumstances.
Statistical analysis
Analyses were performed using Stata statistical software, version 8 (StataCorp, College Station, TX, USA). With age at disease onset as the outcome measure, Cox's proportional hazards regression was used with date of birth as the time scale origin, and allowing for different ages at enrolment. Mortality was also investigated in this way when the disease-specific rate was sufficiently high. While a gradient in incidence was apparent across the range of social class (I + II, IIIN, IIIM, IV + V) for most outcomes, the distinction between non-manual and manual classes invariably captured the greater part of the association and so is used here for clarity of presentation. Separate analyses were carried out investigating the links between having a father in a manual occupation and disease outcome, and between current manual occupation and disease outcome. Secondly, for each of those two analyses, current social class and father's social class, respectively, were controlled, each being included in the regression models as four categories (I + II, IIIN, IIIM, IV + V). This allowed evaluation of the specific effects of social class during childhood and during adulthood. A third analysis also controlled for exposure to known risk factors, to examine the role of these risk factors in mediating the effects of childhood and adulthood social class. Finally, we additionally controlled for reported stress, to investigate whether stress mediated that part of the effect of socioeconomic position that could not be explained by known risk factors (figure 1, pathway A).
Results
Median age at recruitment among the 5577 men was 48 years. Table 1 shows that men in non-manual occupations report higher mean Reeder Stress Inventory scores, corresponding to higher levels of stress. This pattern is replicated when father's occupation is considered. Looking at circumstances over the life-course, the mean Reeder Stress Inventory score was higher for individuals with longer and more recent exposure to relatively privileged circumstances. Figure 1 It has been proposed that greater daily stress in individuals of manual social class may explain the higher rates of disease and mortality experienced by those individuals. Higher daily stress may directly affect disease and mortality through a neuroendocrine mechanism (pathway A) or indirectly through its influence on known risk factors (pathway B), particularly smoking (pathway C).
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Socioeconomic position and disease risk Table 2 presents evidence of associations between working in a manual occupation and higher rates of all-cause death, coronary heart disease and stroke. A comparable and independent effect of socioeconomic circumstances in childhood was observed for all-cause death and coronary heart disease. The association between social class and stroke incidence appears to originate in childhood, with little evidence of an additional effect of adulthood social class. Known risk factors mediated only part of these associations, with no evidence of an additional role for stress. Table 3 shows the effect of childhood and adulthood circumstances on lung cancer, gastric and duodenal ulcer, and asthma. Social class in adulthood is particularly important for the incidence of lung cancer, much of this association being mediated by known risk factors, with no evidence of an additional role for stress. The association between childhood circumstances and gastric and duodenal ulcer is entirely mediated by adulthood circumstances. Known risk factors mediate part of this association, with stress playing no additional role. For asthma, a manual occupation in adulthood is associated with a higher hospital diagnosed incidence. In contrast, there is weak evidence that, conditional on adulthood social class, a father in a manual occupation will protect the individual from asthma in adulthood. Known risk factors explain part of the association between asthma and adulthood circumstances, while stress plays no part in either association.
Accidents and violence, alcohol-related disease and psychiatric illness are considered in table 4. Manual work in adulthood is associated with a higher rate of death or hospitalization due to accidents and violence, with no additional effect of childhood circumstances. Alcohol consumption accounts for part of this association, but with no additional role for stress. The same pattern is apparent for death or hospitalization due to alcohol-related causes, with alcohol consumption accounting for almost all of the association. There is no evidence in these data of an influence of father's manual occupation on the incidence of admission for psychiatric illness, but weak evidence that an individual's own manual occupation may increase the risk. Adjustment for stress strengthens this relationship suggesting that variations in stress may be obscuring the association.
Discussion
Diseases vary in whether exposure to less-privileged circumstances during childhood, adulthood or both is associated with a higher risk. In this study we have found the risk of stroke to be most closely associated with childhood circumstances, the risks of lung cancer, gastric and duodenal ulcers, asthma, accidents and violence, alcohol-related disease, and non-organic psychosis and neurosis to be associated with circumstances in adulthood, and the risks of coronary heart disease to be associated with circumstances in both childhood and adulthood. Possible reasons for this include disease-specific susceptibility to exposure being restricted to a particular period of maturation, and exposure to mediating factors being restricted to particular age groups. There was no evidence in this male cohort for daily stress being responsible for any unexplained excess of disease among those exposed to less-privileged circumstances.
This study provides further evidence that socioeconomic conditions in both childhood and adulthood are important for coronary heart disease risk in adulthood. This finding has been discussed previously. 28, 29 Established risk factors for coronary heart disease did not fully account for these associations, and despite a large literature supporting a role for daily stress in mediating the link between deprived circumstances and coronary heart disease, 30, 31 no evidence of such a role was found in this study. This study also provides further evidence that it is socioeconomic circumstances in childhood that are associated with stroke in adulthood. 14, 29 Consistent with a recent Danish study, 32 there is no evidence that daily stress mediates this association.
The present study found manual work in adulthood to be associated with a higher risk of lung cancer, with traditional risk factors accounting for a large part of this association. There was no evidence of a role for stress in explaining the remainder of the association (Table 3) . Furthermore, despite high daily stress being associated with higher cigarette consumption in the current cohort, 26 repeating the analysis without controlling the effects of smoking (so allowing investigation of pathway C in figure 1 ) did not give evidence that stress-induced smoking was behind the excess of lung cancer among men in manual occupations.
Peptic ulcer is a classic stress-related illness. 33 While Helicobacter pylori infection is now known to underlie most peptic ulcer disease, a role for psychological stress through an interaction with such infection has recently been proposed. 34 While H. pylori infection usually occurs among those whose childhood home was shared with several siblings, 35, 36 in the present study manual occupation in adulthood was associated with a higher incidence of gastric and duodenal ulcers, with no independent influence of a having a father in manual work. The findings may have been different if a direct measure of crowding in childhood had been taken as the risk factor; a large number of siblings being associated with a higher risk of peptic ulcer in the current cohort. 37 There was no evidence of daily stress underlying the unexplained excess of peptic ulcers in men in manual occupations, and this remained the case with the addition of the interaction between daily stress and number of siblings.
A role for psychological stress in the aetiology of asthma has been hypothesized. 38 Asthma is associated with manual 39 with evidence of early determinants of adulthood lung function 7, 40, 41 and the childhood origins of much adulthood asthma 42 suggesting a role for childhood circumstances. Examining the independent effects in the present study, having a father in a manual occupation seems protective of asthma, while an individual in a manual occupation appears to be at higher risk. These results are difficult to reconcile with the finding that asthma begins in childhood and persists into adulthood, especially without evidence of an impact of asthma upon occupation. 42 In any case, there is no evidence in this cohort to suggest that daily stress is behind either association between socioeconomic position and asthma. Perhaps the relationship between psychological stress and asthma is too complex to be apparent from the small number of cases in this cohort, 38 especially if subtypes of asthma must be distinguished. 43 The pattern of deaths resulting from accidents or violence in the current cohort is primarily related to socioeconomic circumstances in adulthood. 10 This finding was replicated when deaths and hospital admissions were considered. Recent alcohol consumption plays a large part in the occurrence of accidents and violence, 44 and is observed here to underlie part of the association with adulthood circumstances. Looking specifically at alcohol-related disease, again it is an individual's own manual occupation that raises the risk of illness, this association being entirely mediated by alcohol consumption with no role for daily stress. Furthermore, despite high daily stress being associated with greater alcohol consumption in the current cohort, 26 repeating the analysis without controlling the effects of alcohol consumption (so allowing investigation of pathway B in the figure 1) gave no evidence for stress-associated heavy drinking being behind the higher incidence of alcohol-related illness among men in manual occupations.
While there is evidence that hardship in childhood has long-term consequences for mental health, 45, 46 the present study failed to provide any evidence of an effect of childhood circumstances on non-organic psychosis and neurosis in adulthood. Perhaps few individuals with psychiatric illness originating in childhood remain in the labour market long enough to be recruited to a study such as the present one. There was weak evidence of an association between an individual's own manual occupation and psychiatric hospital admission. Stress did not mediate this relationship despite behavioural and biological models that suggest it should, 19, 47 and a strong association in the current cohort between perceived daily stress and risk of admission for psychiatric illness. 48 Consistent with the observation of greater daily stress among individuals with non-manual occupations in the current cohort, and previous work which failed to demonstrate associations between high stress and greater risks of cause-specific mortality, 48 we found no evidence of daily stress accounting for any deprivation-linked excess of disease in men beyond what could be explained by known risk factors. This finding does not discount a role for stress in influencing exposure to those known risk factors, and associations with greater cigarette consumption, greater alcohol consumption, less recreational exercise and higher blood pressure have been demonstrated in the current cohort. 26 However, we found no evidence of stress-associated heavy smoking and drinking being behind the excesses of lung cancer and alcohol-related illness among men in manual occupations. Table 2 Hazard ratios and confidence intervals (CI) for mortality, and for mortality or hospital admission for men with fathers of manual social class compared with a baseline of men with fathers of non-manual social class, and for men of adulthood manual social class compared to a baseline of men with adulthood non-manual social class 
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Socioeconomic position and disease risk Table 4 Hazard ratios and confidence intervals (CI) for mortality, and for mortality or hospital admission for men with fathers of manual social class compared to a baseline of men with fathers of non-manual social class, and for men of adulthood manual social class compared to a baseline of men with adulthood non-manual social class 
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European Journal of Public Health Vol. 15, No. 3, [238] [239] [240] [241] [242] [243] [244] This study has used the combination of diagnoses made in hospital, cancer registration and causes of death, to allow consideration of social class variations in diseases that rarely lead to death. However, in addition to influencing the occurrence of disease, it is possible that an individual's socioeconomic position will influence the timing and nature of diagnosis and treatment, 49, 50 necessitating a more cautious interpretation of disease rates when cases detected in hospital are included. Additional caution is needed for outcomes represented by only a modest number of events (e.g. asthma), as the obtained results for these outcomes are subject to a greater degree of sampling error.
This study supports a widespread association of socioeconomic circumstances with health, but with variability across diseases in whether it is exposure to less-privileged circumstances during childhood, adulthood or both that elevates risk. For each disease, known risk factors mediate only part of the relationship with socioeconomic circumstances, with no role for daily stress in accounting the remainder.
